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Recovery of High Unsaturated Fatty Acid from Squid Processing Wastes
using Supercritical Carbon Dioxide Extraction Method
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A squid viscera oil contains a high content of EPA, DHA, and other valuable polyunsaturated fatty acids. The extractions of squid
viscera oil by supercritical carbon dioxide both with/without 3% (v/v) ethanol were performed in a semicontinuous flow extractor
at 8.3 to 13.8 MPa and 25 to 50C. When ethanol was added to SC-CO,, the extraction ratio of lipid increased. The extracts
contained high content of unsaturated oils like DHA and EPA. The highest extraction yield of lipid from squid viscera oil extracted
by supercritical carbon dioxide was obtained at 12.4 MPa and 40C with/without entrainer. The main fatty acids of squid viscera oil
extracted by supercritical carbon dioxide were myristric acid (14:0), palmitic acid (16:0), palmitoleic acid (16:1), oleic acid (18:1),
arachidic acid (20:0), eicosapentaenoic acid (20:5), and docosahaxaenoic acid (22:6).
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Yamaguchi et al. (1986)& ¥4 1z 8 @34 %9 471521
H 23& %37 98 250MPa ¢33, 40, 60, 80T LX)
A z2UA COE o438tk Lin and Zayas (1987)2 %A
CO,2 2A ¥ com germ@H Ho] Ao 2 gxd dAddg ¢
iAnA V5d B4 5 w2 £, fEAN 193 3%
gL 70 E1EAr) Fujimoto et al (1989) & 44 CO,E
o] 83 A & ¥ SurimiZ °14¥SF v 2EAY gAHZ
AolE &g ML

Ao YRR Bl&F 2 M. Mercedes et al. (1997)& A
o]g]e] YA o3} ¥4 5L RudYon Feral et al. (19
95)& LFoZHE oil 5 RIS Ame and Horgen
(1993) & 7hvte AWy 2UA F&o 4§ £3xg Bud
%Atk 21 Yoon (1993) & A FolXN e EPA ¥ DHA #4¢&
Badye olE dFE fish muscleZHH AL F23AY
Ad 3% 39 FAZqA GRF L dFae Ao P EolAw
AF 7HEFRAEQY 2o Ao 2HH EPA ¥ DHAE X¥&
IEEX3] S 228 97 oFF 218wyt ot oY
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B Age] A28 2o WAH (squid viscera oil) & 1998
39 AREE A 7RIS 24 (PP FEH AT
wol © o] YAH9 head spaceS FA7IAZ AFFE F WP
(4C) HAgo] &8 A EZ A3 o] dAie €& 9.
9% 9] AELo|en, E4d ALEE AL 1F AYoUTt
%59 BAL lipid standard (fatty acid methyl ester mixture :
Sigma co., 189-19)€ AH&-3te] ¥ Z3 Rt

Q07 of Ml
_’E%‘ A olAtstedAE ALF 240 AR AAFZd o
b A€ Fig. 1.9 Jebdgld. 282 WA 29cm, 150 né
%k\] 194 stainless steelS AME3 AL flow line 1/42 &
8~ 9] stainless steel pipe (316ss)& AH&-3}ich G o]ids}
’%-:-i-rEi L0 g 244 dPoz AN AGHTE 517
MPad £%& 7}21 Milton Roy PumpZ #3922 fd8e
oAttt §FE& AAFHOE pumpingdtAD, LY FHE
FEHA o7t ‘42‘: 297 ol AF YA 2EE FHF
= digital temperature measuring (Mode! No.:461 -112020, Wa-
vetek Co.,, USA) ZX 9, 589 48L& F¥xst L Heise
gaugeo] 98 S At SystemW ] ¢H& 2719 back pres-
sure regulators ZH3HL F2¢ N AT 4L mete-
ring valve®t needle valve2 Z A3 AT YA olatstei g
BEFAHL 2UA s AY AR L EBE separator, ¥
& 28T metering valve$t needle valve, =& 243
dudy) 22gd FUAHE YA ojAsgi g A4 }E
&4 3+ flow meter (Model No.:DC-2A, Sinagawa co., Tokyo,
Japan) 2 FAH slth £33, F& &0z AL CO% KB
Z49 pumpEHEH FYHE dGLe 1Y HEZZHEH 3¢
o 87 Al HFE FEF 25 wg gz o5 o4
HolA v &g W X+ thermocoupled] & Z#AAHo &
% &5 & 248 Fu Systemule AA ¢FH& 2y &Y
Z24718 2ANA €7 4HESE AT system 9] & 27
W3l g A on, 19 pumpst &8 287 €9 7 micron
filter® 4 A 3e &0 APHe ¢ &9 CO4 2A A8 9
QAo 9§ system] ZEol FUEHe AL WAANRLY sa-
fety valve® FZ A A systemt &) excess pressure® A A
T8 Y TE ¥ system S RYSZ AT ¢ JF2 1
P &4 A3 Y3t RYHE EF o check valve
g AAggd.
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Fig. 1. Flow diagram of suprecritical fluid process.
1:CO. cylinder, 2:co-solvent tank, 3:high pressure
pump, 4:chiller, 5:preheater, 6:extractor, 7:heat ex-
changer, 8:separator, 9:gas meter 10:pressure indica-
{or, 11:temperature indicator, 12:back pressure regu-
ator

ZQUA ofrEtEIA FEHFA(E 0|2E FHEUY
Ao AHEd YA #4 F%L semi-continuous flow extra-
corZ FIHAUT. A He WA FE2Y & A5E £
£3 Qolch 23} ¢ FEd ol dsteka (CO)7T cylinder®
B ¥z (-200) & §3384 LY metering pumpel oJ3 ¢3
3 FFoR F9H system Y AR GHAA ZAHAA F
292 2934 sdd 2YA oitstgdiE F2H Uy A8
2RE NAE #3289 ¢ ¢ JH 2 separatorE FH3HH
X}’Q £2E2& separatord] FHHUL old FEFF ¢ AHE
H CO8 ¥& CO7t gas meterE $RFLZ ZALULY gas
meter’$ ¥ ¥ o712 WEAZH

s 24

%249 A7 02g9 649 05N NaOH in methanolg 73}
100Col A F8d & 7mee] 10% BF; in methanol (Fluka Co,
Switzerland) & 7}SFHTh SE F 6mS] hexaned 7Hete] 287
W] o] g BAGF £ F X3} NaCl¥d 204S 7}3t
of 30%3 EE oS AT AFE UE2 s FobF
Atk o}#F L hexanelZ THA] FEHW g AFH Fstd
& st E¥E ¥ EE A A3 anhydrous sodium sul-
fate2 o}F &% do} A& & F43 AAY ¥ 1 pbE gasch-
romatography (Hewlett Packard 5890 II, USA)el F3te] &4
9o, column?® Hp-Innowax (Fused Crosslinked Polyethy-
lene Glycol Capillary Column, 30 mX0.32 mm id, 0.15 ym film
thickness, Hewlett Packard, USA) & AF+-3t9 2 ZZ7]= FIDA
or QEL2EE 150, 201 B 210C (150C 10 min hold increase 3

C/min, 201 12 min hold increase 3C/min, 210C 15 min hold)

oy FUF, A&7 2= 77 250, 300C At Gas-chro-
matographyol 28l8] ZA oA F2E9 AP 24 HEE
A (Sigma, 189-19, USA) 9] peaks} ¥lmdte] APt 24 S £4
=

535 24
97 ]\_5}%*01] g3 #2d Agd FF
A, Sorezy 2 ICPH wet HAsHh

ok

&R AF
& A8 100
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Ast] FA-Fdez FHEA A F FE344E AA ICP
(Model : Applied research laboratories, Fisons Instruments, Swit-
zerland) 2 Hl&, W, 1289 §FE 474 AL, FL9

T+ NE 100pLE @23A FotRRd 9 23, 394 F3%
=W 98 FAMA AFHE £ FHFX (Model : sp-3a,
Nippon Instruments Co., Japan)& A Table 19 2oz =
stgi.

Zn o o3

1. 230 WEF F£&

%% 4L 83IMPadlH 138 MPaZtA 183 F& LEE 25
toA s0CAAY WA 240 YARE BE 2UA CO,
FZo) o3 AA FF0) ojFojHY TF, o] WA entrai-
ner2A 9 2% (vwolge&E A7 d9 &3 HUEA &
g W F&& vuddyc & 48N d3E vy v
<=9 EHde Z2dA EAANA 5 e ANESG Y
Lo Ug v &H3E gl

297 CO0l A% 2o AR FEL ¢4Y 124MPaP
X 40CA 9EE 073 g/om’Z 148 ¢ oil/kg CO,Y 7MY ¥
LA E VeI oY entrainer2A 9 2% (vv)dEgLL 78S
WE 48 124 MPa® &% 40ColA 485g oilkg CO, & 7HE
£ Jebgtl €08 UEE Peng-Robinsond] Aei¥A 4L o
€8 Augus et al. (1996)%] TUPAC tableZ%E T3%th (Peng
and Robinson, 1976). Entainer249) 2% (vv)e&€ 7R
299 e FE $HEE vehlle A2 CoxE HSA EF
g AgFo g o]Fo U vt detge A SR AR
o]Zo] Y7} mjEojtt.

Hardardottir and Kinsella (1988)< 78% &) A d# 97% 9] &4
ZHE9 AATL o] o) R RA7) FolZEH oild} FH2HEY
2974 CO, 2<% B1YEd entrainer249 10% (vv)
ethanol® H71% 79 AR Ze2bEe 44 97~98%71A
gt ot e Arte FAARH uiFHNAS A %
A Ho AFE F&317] 98 F7180E AEdte A2 oY
F WAL 7tRALYdY B¢t £ Marda and Lourdes (19
96)c Mul)NF-9) ZYAFA F2d UM 5% ethanolH
10% ethanol H7IH& We EHE WELHHEH 10%9 etha-
nold A7IFS W €4 o &2 £=E Yelddy B33y
=8

Fig. 2.5 &% 103MPa 3 124MPaolA %9 Wsgle} o
%24 oil ¥& A% YehAD. 4 124MPa, €% 40T
A 148go 2 7H ¥& F&FE YEllen, 103IMPadiE
24MPaitt ¥ W& #5F2 R dF =AM 4 &
=7t vdshe A2 CO9 A} &) &3Fo] F5r] G
olzlx Kuk$} Hrone HIEFY. EF 103 MPadlMe &7}
30CAA S0CARA F7M8FE FEFE vAFo2 FAAL
olRe L&t F/ErEE AiE €09 AE2 A Aoz
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o] ARt} (Feral et al, 1995).

Fig. 32 8 103 MPas} 124 MPaslA] ethanolS 1 mé/minS
Z COS ¥4 & BYE W Z &MY 3£ oil¥E Y
Bl Rolth. o] A& Fig. 2049 F&FEUe 453 £& ¥&
YEP T $1t)h Eethanol® &8 EW& W HA 124 MPadlA
o o ¥& FE&E Holn Yok

Entrainer2419] ethanold €8 EWE ol 48 124 MPa,
L& 40T 72822 71 B Fo] FEHUG

Fig. 4T 2% 30C% 0T entrainer2M 9] 2% (v/v) etha-
nolg 1 m/minS 2 HA7IAE o 2 4o BE F&%FE Yehd
Aolth, 30CAA F&d Aol 50ColA #28 A 2o A Y
Bt 948 124 MPa, €% 30CAX 227} 082 g/em®ol™ 2.97
g2 7R B2 o] &H9lon ¢tgo] 103 MPa, 2% 50T
dMe DE7t 043 glem®ol™ 052g0.2 71 H& 35§ Holx
At 103 MPa S0C A9 We F&FLE 0466 g/cm’*Y CO4
A 2xEg o ¥ A& Uehl o sub-supercriticald § 2.2
£oigo] gojA ¥e #&%S el ¢t Ame and Horgen
(1993)& sub-supercritical ¥ supercritical CO,8E1A9] fish

Table 1. Gold amalgam conditions for heavy metal concentra-
tion of squid viscera oil extracted by SC-CO,

Operating conditions

model Nippon Instrument SP-3a
sample amount 100 ué
mode 3
additive B'+$’+B+M’

. .. 1 step * 10 min
heating condition .
2 step : 6 min

'B: ALO,
%S : Sample
M : Na,COs; & Ca (OH),
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Fig. 2. Extraction of fatty acids from aquid viscera oil by su-
percritical CO; at different temperatures and pressures.
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Fig. 3. Extraction of fatty acids from squid viscera oil by su-
percritical CO. with ethanol at different temperatures,
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Fig. 4. Extraction pattern of fatty acids from squid viscera oil
by supercritical CO; at different pressures and tempe-
ratures,

oild] N &I=S BuFAUEHY sub-supercritical d Hol M ©
ge S35 g vehita Budgd.

Fig 5¢ 328 124MPadlA & 28 35T 50C2
JARE W F& AT B2 AP FE2FE UE Ao
Fig. 20149} vb&71A 2 S0CE T ] $& 259 35C9] 2HAA
Y ¥ $2%L Yephz Ao

2. XNEFEEES] =4

2974 CO9 93 32" AAFEE AEE gas chro-
matographyol 918 EA&%ch Myristric acid (14:0), palmitic
acid (16:0), palmitoleic acid (16:1), oleic acid (18:1), arachidica-
cid (20:0), eicosapentaenoic acid (20:5), docosahexaenoic acid
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Fig. 5. Total fatty acids extracted from squid viscera oil by
supercritical CO; at different temperatures and pressu-
res (45 0¢/min, oil charged: 5g).

(22:6)¢] €22 peak’} YEFET, Palmitic acid (16:0), oleic acid
(18:1), eicosapentaenoic acid (20:5) Z#| docosahexaenoic
acid (22:6)7} AWALY] peakE F & BEE AAA

83, 103, 124 % 138MPa 7tA9 &3} 25T A 50C7HA] <]
LA 294 COo 93 28 23 WZFY FaAY
ALS Table 2¢] UYERAATH 240 U3H9 FQ APE 4R
myristric acid (14:0), palmitic acid (16:0), palmitoleic acid (16:1),
oleic acid (18:1), eicosapentaenoic acid (20:5), docosahexaenoic
acid (22:6) °I19

EPAE ¢8 103MPad} &% 30CHA 1582%2 7H8 & &
£¢ Jepilem DHAE €48 103 MPa®t &% 40Tl A] 2478
%2 7 B £4& eI AT (Table 2).

Feral et al. (1995) 15O ZRE 2UA COE AH8E F
Zo)A 8 345MPaTt 2% 55T A 9] EPA+DHAS F%7}
18%2 714 ¥ £4& JeEAGZ At M. Mercedes et
al. (1997)& Aoy 2RHe 2944 CO, #%A4 EPAE ¥
18 MPa#t £ 48CO)A 1650 kg 228 oilZ 7H8 E& 8¢
YEI gt BaEa g,

3. 335 MHan

Table 3& 9Ef% 2UA COE o83 F&8 24 UZ
#9 2FEEAE U Aot da Ao E vas Fel 001
ppm °l8] 0] 0002 ppm22 HEHUL 2UA COE o1&
§ F2BoME vas F& AEHA 4% £&& 0001 ppm
& Jehi. o8l Table 3014 Aoz £ of vjn3 @
ez A o]FolAE 2YA CO, F&o] i H& F£HA
dtor} 4o ofF nFog F&Ho YEE & F Uth

=] of

297 COE o148 24 AR &2 83~138MPa}

25~50Ce A semi-continuous flow extractor® FH¥HAt
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Table 2. Fatty acid compositions of squid viscera oil extracted by SC-CO. at different temperatures and pressures
Fatty acid (%)
Pressure  Temp. -
(MPa)  (©)  Myrsc  Palmitic Palmitoleic ~ Oleic ~ Octadecd  prepigjc  Eicosate  ppaz pyps
140  Cl&0  Cl6il Clgl  'eTanolc oo MRS C205  C226
25 5.83 2343 6.18 16.78 292 3.10 1.72 15.14 2491
83 30 6.86 23.55 6.20 16.17 281 4.66 1.62 14.52 23.62
35 6.11 23.67 6.07 16.57 2,63 4.77 1.60 14.13 24.46
30 745 2206 6.62 1523 332 401 1.68 1582 23.81
103 35 8.06 21.99 6.64 14.60 342 3.60 1.63 15.73 24.34
’ 40 6.12 2241 596 16.21 2.87 4.82 1.74 15.10 2478
45 721 24.12 6.27 16.18 2N 4.21 160 14.02 23.26
35 6.79 2246 6.54 1541 325 4,10 1.68 15.64 24.12
124 40 7.61 2247 6.58 1523 328 397 1.66 15.56 23.63
’ 45 8.64 2497 6.85 15.52 297 4.06 1.58 14.01 2140
50 197 22.63 6.76 14.77 3.36 3.68 1.63 15.58 23.62
40 6.69 2212 6.21 1539 293 423 1.62 14.62 2620
138 45 6.13 23.70 6.12 1642 2.69 475 1.63 1425 2430
50 6.99 22.91 6.19 15.50 298 420 1.64 14.88 24.69
‘Percentage of gas chromatography area
EPA : eicosapentaenoic acid
’DHA : docosahexaenoic acid
Table 3. Heavy metal analysis of squid viscera oil 2 3 2 @

Concentration of heavy metals (mg/kg)

Source -
ansenic lead mercury
Control 001 001 0.005
Squid viscera oil
extracted by SC-CO; at nd nd 0.001
8.3 MPa, 25C

*nd : not detected

283 YA CO°l entrainer2 9] 2% (v/v) ethanols H713
A A713A @2 Aoz FRHUL. 294 COE )&% 2
B WAH{ FEdAM A4 F1 3% 58 27 124 MPaH
4T A o)Fo] o} YA COE olL4E Ao WAF 32
N Hx $EE 4 124 MPa 40CAA entrainerE H7}8HA)
%&ste o 1.48 g oil/kg CO,E YENN UL, entrainer® F7}1314 &
o 3 124 MPa 40ColA 4.85g oil/kg COS YERASITH 29
A COE ol€3q #28 274 WAFY FoATIEHS
myristric acid (14:0), palmitic acid (16:0), palmitoleic acid (16:1),
oleic acid (18:1), arachidic acid (20:0), eicosapentaenoic acid (20:
5), docosahexaenoic acid (22:6)¢1th. 2YA COF&9 93
28 FEEFT U2 F& AEHA 2Y F2& ofF vFo
2 PP

At At

F2A4H (%

EATE 19974% LK G 5
Az FA (F)E+4Lel

o st 478 Aoln dia
e g8 AP
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